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voluntary observers, and the host of teachers and readers in- 
terested in meteorology, the Editor will be pardoned i f  he 
occasionally calls general attention to  matters that  seem to 
need correction. 

The following paragraph occurred in an article recently es- 
amined a t  the Weather Bureau : 

When a given mass of air is increased in volume by an access of heat, 
its capacity for water vapor increases. If a fall of temperature follows, 
the volume is decreased; condensation sets in, and if the fall of tempera- 
ture Le sufficient, precipitation must occur. But though by this means 
a large portion of the water vapor of the given mars of air may be pre- 
cipitated to the earth, the relative humidity of the mass need undergo 
no special change. That is to say, it  may remain ah high in the given 
mass of air, after rain has fallen, as before, unless the temperature again 
rises; because through shrinkage of volume, le55 water vapor is neei 
to keep the percentage o f  relative humidity high. In  those latitu 
where, during the winter niontlih, the temperatures are orilinarilg low, 
the volume of air a t  that season muqt be rouhiderably less than at other 
seasons, and its capacity for vapor of water correqmnclingly diniinished. 

This quotation contains a number of serious errors, ancl the 
sentence could not have been written if ith author hac1 se- 
riously considered and accepted the iiunierous paragraphs 
bearing on this subject that hare appeared from time to time 
in our columns. 

-4 mass of free air uiiiler coiist~ant pressure increases its 
volume by increahing its temperature; but i f  it is kept under 
constant volume in a rigid iiiclosure i t  increases its elastic 
pressure against the walls of the inclosure. I n  tmhe latter case, 
the accession of heat produces an increase of pressure and 
temperature; in the former case, it produces an increase of 
volume and possibly also of temperature. In  both cases, there 
is also an increase in the capacity for water vapor. This lat- 
ter increase does not depend 011 either the increase in volume 
or on the increase in pressure, but  on tlie increase in heat 
itself. It is not true that the capacity for rapor of water is 
in proportion to the change in the volume of the air; there iuny 
easily be a great increase in capacity with no change in volume- 
or there may be a great increase in volume but  no increase or 
even a diniinution in capacity. The capacity of the free air 
for moisture depencls entirely on the teiiiperatnre. In fact, 
the very expression, *' C'apacity of the air," is itself a mistake. 
If we give the vapor time enough, i t  mil1 cliffuse among the 
particles of air just as though there were 110 air present, 1)ut 
this process is rather slow ancl usually facilitated by siiiall 
convection currents. so that  in general instead of speakiiig of 
the capacity of the air for I a p r ,  we must more properly speak 
of the capacity of a unit volume of space, or the capacit,y of a 
vacuuin for rapor. 

The capacity of a \ a c u ~ i i i  for dry air is such that as a pres- 
sure of 30 inches and a temperature of 33') F., a cubic foo t  
of space will contain 1.176 oiiiiceh of dry air. The rap:wity of 
that same vaciious spare for \ a p ( ~ r  a t  32' F. is such that  wheii 
saturstecl with vapor it mill coiit,aiii 2.11 grains troy, or alwut 
0.004 ounce, and the vapor pressure will 1)e 0.18 inch of 
the mercurial barometer. If Loth air and vapor coexist in this 
cubic foot, we hare but  ti) adcl tlie above weights and the 
above presmres, and \\e find that  i t  contains a total mass of 
about 1.32 ounces of the mixture a t  a total pressure o f  about 
30.18 inches. A p i q  a t  a temperature of go", 1 cubic foot mill 
contain about 1.05 ounces of dry air a t  a pressure of :30 inches, 
and about 14.790 grains troy or 0.031 ounce of saturated 
vapor, exerting :t ~ a p o r  preshure o f  ahout 1.41 inches, o r  1.08 
ounces of the mixture a t  a total pressure of 81.41 inches. 
Therefore, by increasing the temperature of the space to sucli 
an extent that the air would thereby have i ts  volume increased 
by about 12 per cent, we have increased the capacity of the 
space for moisture by about eight times, or about ROO per 
cent. We have clecreased the capacity of tlie cubic foot to 
contain dry air, bu t  ha\-e increased its capacity to roiitsin 
moisture. The figures are given in this form, because the 
ordinary meteorological taldes m e  the cubic foot as :L stand- 
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ard, and because the air and the vapor when they attain com- 
plete mixture are entirely independent of each other. 

But  the error of the above-quoted paragraph becomes still 
more conspicuous i f  we more strictly follow out the author's 
erroneous idea that  the air, rather than vacuous space, has 
a capacity for water vapor. The change from 32" to 90" ex- 
pands the free air from a volume of 1 cubic foot to a volume 
of about 1.12 cubic feet, whereas it increases the capacity of a 
cubic foot to contain moisture from 2.11 grains troy up  to 
14.790 grains, or 700 per cent. Now, as the cubic foot of air 
has expanded by 12 per cent, we increase the 700 by 12 per cent 
of itself, or 85, making 785 per cent in all, in order to repre- 
sent the increased capacity of the original air for vapor, due to 
the increase both in temperature and volume. It is, therefore, 
abundantly evident that  the idea that the capacity of, the air 
for moisture is in proportion to its increase in volume must 
be wholly erroneouh.-C. d. 

OCEAN METEOROLOGY. 
The above title is really a misnomer, although it has for a 

long t h e  been in use. It practically means the s t d y  of 
meteorology over the ocean by means of observations made at  
sea and for tlie benefit vf sailing vessels. But vie can not, 
properly have an ocean meteorology and a land meteorology. 
The atmosphere must lw studied as a unit. There is but one 
meteorology, although there may be ocean observers and land 
observers, niountain observers and balloon observers, arctic 
stntiovs and equatorial stations. All these contribute to the 
general stuclg of the atmosphere which constitutes meteorology. 

Early in the history of the Signal Serrice i t  was macle evi- 
cleiit to everyone that the study of our storms ancl the predic- 
tion of the weather coiilcl not he successfully prosecuted by 
means of observations a t  the surface of tlie land only; that, 
in fact, i t  was absolutely necessary to study both the upper 
air by ineanR of mountains and balloons and the air above 
the oceans by iueaiih of the ShipR of the sea. From this point 
of view the * '  Bulletin of Iiiternatioiial Siinultaneous Obser- 
vations " was orjiaiiized and for the first time in the history 
of nieteorology daily iunps for the Northern Hemisphere he- 
came possilde. ancl with that began :% new epocli in meteorol- 
ogy. Eventually this work was cliuicled, ani1 the Navy De- 
partment undertook to  care for the ocean while the Weather 
Bureau cared for the land; l )ut  this arrangement had many 
disadvantages, the pnblication of the international bulletin 
and charts ceased. and the study of the atmosphere as a unit 
was again encuruberecl with the difficulties attendant upon 
tlie want of the claily weather inap for the whole earth. 

The recent consideration of the great question of the rela- 
tion of wireless telegraphy to the s e n  ice of the National GOY- 
ernment has inciclehtally brought about tlie prohpect of a 
great improvement in tlie meteorological work of the Gov- 
ernment. The Interclepartmental Boartl on Wireless Teleg- 
raphy, recently appointed bg President Rooserelt, comniuni- 
catecl its unanimous report to hiin on July 12, and 011 tlie 39th 
he coinuunicatecl i t  with his a l ~ p r o ~ a l  to the seyeral clepart- 
ments in turn and directed them to put its recommenclatioiis 
into effect. These latter, therefore, became a part of our de- 
partmental regulations, and in SO far as they bear 011 meteor- 
ology we quote them from pages 9 and 10 of  the & '  Report of 
the Interdepartiuental Board Appointed by the President to 
Conhider the Entire Question of Wireless Telegraphy in the 
Service of the National Government, Washington, 1904,'' as 
follows: 

That the Weatliei Bureau of the Department of  dgriculture furnish to 
the Hydrographic Olfice of the Naxy, and t lJ  the naxitl wirelehs telegraph 
stations, or to other portioiib of the Iiulilic. s e n  ice, wch meteorological 
data as it or they mag desire a t  no cost to  them. 

That the 1)epartment of Agrivulture shall continue the work of its 
meteorological I eswl-reporting and stom-warning stations, as now con- 
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stituted and provided for by law, and continue the control of seacoast 
telegraph systems, except wireless systems. 

That all meteorological reports from vessels of war or commerce, or 
other sailing craft, now being forwarded direct to  the Hydrographic 
Oftlce of the Navy, shall be forwarded direct to the Weat.her Bureau. 

That the estimates for the support of the Hydrographic OfRce of the 
Navy, or any other office of the Navy, for the nest and succeeding years, 
do not contain any provision for the making of ocean forecasts, or for 
the publication of meteorological data, other than such a s  ma.y be needed 
by the Hydrographer of the Navy for w e  on the pilot and ot.her chart.s, 
whIch dat,a shall be furnished by and credited to  the Weather Bureau. 

That it is the opinion of this board t,hat no meteorological work need 
or should be done by any portion of the Navy for the purpose of publi- 
cation or for the making of forecasts or st,orrn warnings; that all such 
dut,ies, being purely civil, should devolve upon the Weather Bureau of the 
Department of Agriculture in accordance with the organic act creatiug 
that Bureau. 

That the wireless stations of the Navy shall, wit.hout charge to the 
Agricultural Department, receive and promptly transmit to t.he ocean (or 
to islands, or to  othor places where the information can be made usrful. 
the storm warnings of the Weather Bureau. 

That the Navy Department shall reqne vessels having t,he use o f  
its wireless stations for the receipt of in es to  take daily met,eoro- 
logical observat,ions of the  weather when withiu cnmmunii:ating range 
and to transmit such observations t.o t,he Weather Bureau, through naval 
wireless stations, at least once daily, and transinit observa tii~ms tift,ent,r 
when there is  a marked change in t.he barometer, and tha  
no charge against the Agricultural Department for t,liese 
for the t,ransmission t.hereof. c. d. 

TEMPERATURE OF THE UPPER A T M O S P H E R E .  

The most iniportant congress of scientific men that has ever 
been held will convene in St. Louis iinder the presiiclency of 
Prof. Siinoii Newcomb on Septemljer 18-55. Neteorolok? will 
not occupy a very prominent place in this convention, owing 
to the inability of several distinguished inen to accept the 
invitation to be present; fortunately, however. one of the most 
distinguished authorities in cosmical physics, Prof. Sraiite 
Arrhenins, is to be present. and his address will probably be 
as important as was the recent puldicatioa of his volume of 
lectures on this subject. Duriug his preliminary tra\els iu 
this country this eminent scientist seems to have spent soiiie 
time a t  the Lick Observatory, where he has written a paper, 
dated August 1, “On the Pliysical Nature of the Solar Corona,” 
which is pu1)lished as No. 5s of the bulletins of the Lick Oli- 
servatory. I n  this he shons that both optical, photogralhic, 
ani1 bolometric measurements harmonize in showing that the 
diist particles of the corona, or the clrops of liquicl particles 
of molten metals, i f  such they he, should, by reflecting the 
sun’s l ight and heat, produce just t>he phenomenon that we 
actually observe, aiicl lead to an approximate determination 
of the total iuass within a cnliic meter of the substance of the 
corona. At the close of this Lulletiu Arrhenius makes tlie 
following remark with regard to  tlie t,emperatnre of tlie 
earth’s atmosphere ari deduced from aiialogous cnlculationn 
relative to tlie clust in  our atmosphere as warmed up by racli- 
ation froin the stin aud the earth, but cooled by tlieir t,wn 
radiatiou into space. Nothing is said by hiiii about tlie con- 
duction of heat between this clust, and the adjaceut air. If 
that woulcl be allomecl for, the train of arguinent woulcl lw 
more complete. 

that the outeiniost lajer> of the suu art. o f  an  
rature. 111ic to the adialmtic ililation o f  tli+. sun’s 

gafies from thrlir vertical viriwlatil~n. Just in the 
calculates that  the highest strata of the rartlt’s atmo 
a n  escewlingly low teorlieraturr 

The spectroscopic evidence for tht. sun qi\ es a totally (liffvrrnt iilea of 
the temperature i n  its upper ctritta. Thi5 depends upon two c.iri.uni- 
stances. The radiation of the bun is  rxtmbr(1i11ariIy htioug. In the 
higher strata the density ant1 c o ~ ~ ~ r q u e n t l y  t h r  Iiwt capacity o f  the gases 

it. Therefore their expau+on, with the 11)weriug ( ~ f  
ending. is wholly ovrrwhrlmrd I J J ~  the  htroug ralia- 

tion, ancl we mag caloulatr the teiiiprrature ac: dlcteiniiuwt by t l i ~  imlia- 
tion alone, as we have clone above, withnut coniniittiiig any srnhil~le eiioi. 

This probability also holds gout1 for the uppermost rstreiiiely t l i i i i  
strata of tlie earth’s atmcisphece, rslteckll;\ on the inscilaterl side o f  the 

earth. These highest strata contain particles of cosmical dust, supposed 
to swim by help of the repulsion of their negative electric charges from 
the electric charge of lower strat& On account of the insolation, the 
temperature of these dust particles reaches about 57O C. if the tempera- 
ture of the snil below is about 30° C . I  as is easily calwlated by the for- 
mula of Stefan. Also, on the night side nf the earth, by the radiation of 
the earth, tlirqe particles will get a teniperature >/2-titnes lower than 
that UP the mil. I f  this is assumed to he 15” C . ,  one finds, for the dust 
particlrw in the highest strata, -310 C. Now. o w  has ohserved much 
Inwer temperatures in lower strata u p  to alioot 20 kilomrters. It is, 
thrrrfcbre, plol~able that our atinos1ihere a t  a cei tain height reaches a 
niiniiiiuni o f  tvniprrature, and that at Iiiglrrr strata the temperature 
again iiwrcases. Eq)e”cially is this valid for tlie iiisolated part of the 
earth, c)u w1iic-h the higlirst temperat uies. accnrrling to  thih opinion, 
nccur in the higheqt strata of the atnrospherc, an11 not, as is generally 
supposed, i n  the lonrst  layers of it. 

Thehe conclusions are in agreement with the resiilh of the 
must modrrn rI?h~tirChPS, b eiic de I3ort ant1 Assmann, of the 
t+snilierature of the hixhest trcl strata of the air. 

P R E C I P I T A T I O N  I N  WISCONSIN. 
A h .  TI’. 31. Wilson, Section Director, 3Iilwaukee, Wis., com- 

iiiniiirate~ copies of an address on the work of the United States 
Department of ilgriculture niicl another on the work of the 
UniteJ States Weather Bureau, delivered by him at  the Far- 
mers’ Institute lieltl a t  Oconomowoc, Ts’is., in March, 1902. 
Thebe :we pulilishecl in Bulletiii No. 16 of the Wisconsin Far- 
mers’ Institute, and seem to have attracted favorable attention. 
In the course o f  the latter address, Mr. Wilson defencled the 
idea that there has been no inaterial change in climate since 
nieteoro1ogic:tl records began to be kept in the State of Ts’is- 
consiii. By this lie explained tlint he referred especially to 
the aniiual rainfall nncl its fluctuations. Thus he finds from 
the record of thirty-six years a t  Beloit that during the last ten 
years the precipitntioii has been decidrclly more than for the 
first ten years of this periocl. On the other hand, the record 
for thirtp-niiie years a t  Maniton oc shows that the average 
precipitation for the last ten years o f  this period is clecicledly 
less than for the first, ten years. I t  is. therefore, impossible 
to infer that there has been a ~ i y  change in the annual rainfall 
for TI’iscoiibiii. 

A cliscussion of this suliject lig those present a t  the institute 
brought out tlie Tien- that this was iiot a satisfactory conclu- 
sion; that. in fact, we iiiny have the mi le  number of inches of 
ritinfttll a t  different periocls and yet haxe a change in the cli- 
mate. Annual rainf:tll is not the controlling climatic consid- 
eration. The climate may have changed so far as concerns 
its iufluence in the gruu th of coru a d  other special matters 
in nhich fnrniers are interested. RIr. Reitbrock stated that 
fifty-five years i i p ~  we considered Waterford, 2.5 miles south 
of RIilwanLee, ns the northern limit of tlie corn belt. But now 
we know that corn can succeetl on the L a k e  Superior slope of 
the Penokee range o f  inonntains. A cliiuxtic change has been 
going on, due to the fact that this territory was all forests in 
former pears and the sun could not iuelt the ice and snow as 
rapiclly as i t  cau now. The ground wwms 111’ more rapidly in 
the southern p r t  of the State since the tiniher has been all 
cut off. The d u e  of rainfall to the crops depends upon sen- 
sonal clistrilnition ani1 tlie frequency of showers iii the grow- 
ing season. A few inches of moisture in siimiier properly 
dibtributecl iuay raise a crop where twice the amount in one 
or two heal y stornis may leave u s  ni th  no crop.-<‘. d. 

~ ~~ 

C A N N O N A D I N G  A G A I N S T  HAIL. 
Aniong the special coiniuissioiis in the war office of the 

French Cfoverniiieiit is oiie on 1~0\tcler aud saltpeter. This 
cuinniission has lately puldished a iuenioir in wliich there ai)- 
i’ears, among other tliings, a report by z~ l igo t  on the esperi- 
meiits iiiacle to prexent hail by cannonading. Although this 
subject has been settled as far AS American practise is con- 
cerned. mil mill cloubtless soon 1~e buried ancl forgotten in 
-~ ~~ ~~ ~ ~ ~~ ~ ~~ ~ 

Almve :I soil o f  U@ c‘. it  n riultl be 4 7 O  C. 


